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ABSTRACT 
 
The purpose of this work was to study a rapid yeast DNA extraction by boiling and freeze-thawing processes without 
using chemical reagents or any purification procedures, to obtain a high grade PCR-product. A specific DNA 
fragment of the 18S region of Dekkera bruxellensis and Saccharomyces cerevisiae was chosen. The described 
boiling and freeze-thawing protocols generated the PCR-grade product preparations and could be used to process 
many samples. The amplification of the fragments could be observed after 30 and 35 cycles. These processes of 
extraction without using any kind of chemical reagents, especial water, and purification procedures proved to be 
efficient, reproducible, simple, fast, and inexpensive.  
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INTRODUCTION 
 
The success of DNA amplification by PCR 
depends on the availability of cellular DNA free of 
Taq polymerase inhibitors. The extraction and 
purification protocols are used to disrupt the 
microorganism cell walls and eliminate the 
inhibitors interference, respectively. Many current 
protocols are too laborious and time-consuming 
for routine diagnostic or identification work. All 
the protocols described so far, use centrifugation 
or chemicals in one of the steps for the extraction 
or purification. Even the so-called rapid and 
efficient protocols require expensive or toxic 
reagents (Paterson et al. 1993; Harju et al. 2004; 
Borman et al. 2006; Cheng and Jiang 2006; Melo 
et al. 2006), utilize either glass beads (Melo et al. 
2006) or enzymatic digestion (Borman et al. 2006; 
Jin et al. 2004) and specific equipments (Müller et 
al. 1998; Galán et al. 2006) to disrupt the yeast cell 
wall. Galán et al. (2006) described six fungal DNA 
extraction methods for the comparative analysis 
and in all the extractions, some kind of chemical 
compound was employed. 
A device that allows fast heating/cooling rates, and 
therefore, giving efficient thermocycling suitable 
for DNA amplification has been developed (Ke et 
al. 2004). A novel device involving the cell lysis 
and DNA amplification performed in a single step 
have been proposed by Ke et al. (2007). A simple 
and rapid protocol for the preparation of total 
genomic DNA from the yeast and mould was 
proposed by Borman et al. (2006, 2008). Filter 
paper (Whatman FTA) has been used as a DNA 
immobilizer matrix. The matrix was subjected to 
the cycles of microwaving at full power, being 
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subsequently washed with Whatman FTA wash 
reagent, followed by two washes with TE buffer. 
The FTA filter papers are, in fact, fibrous matrices 
impregnated with chemicals such as chelators and 
denaturing compounds that lyse and inactivate the 
microorganisms (Borman et al. 2006, 2008). Thus, 
it cannot be considered a completely chemical-free 
extraction protocol. The heat treatment for the 
fungal DNA preparation uses glass beads and the 
sample is heated up to 95 °C for 20 min. The 
freeze-thawing process performed by Borman et 
al. (2006) submitted the samples to six cycles of 
freeze-thawing in liquid nitrogen. 
The heat procedure developed by Liguori et al. 
(2007) used phosphate-buffered saline solution, 
followed by centrifugation to pellet the DNA 
which was re-suspended in sterile distilled water 
and heated to 95 °C for 3 min. In the boiling-
freezing protocol for DNA-extraction used by de 
Baere et al. (2002), the cells were suspended in the 
distilled water and heated at 95°C for 15 min and 
submitted to freezing at -70°C. The samples were 
thawed at room temperature, and centrifuged to 
remove the cell debris. In the boiling process 
described by Freschi et al. (2005), the samples 
were centrifuged, followed by re-suspension in 
sterile distilled water, heated to 95ºC for 10 min, 
cooled on ice and centrifuged at 13,000 x g for 3 
min. The supernatant was used for PCR assay. 
Medici et al. (2003) compared the boiling, alkaline 
lysis, Nucleospin, and Dynabeads DNA Direct 
System I methods for DNA extraction from 
Salmonella enterica. In the boiling process, the 
sample was also centrifuged three times and 
DNase-RNase-free distilled water was used to re-
suspend the pellet. The simple boiling methods 
described by Deak et al. (2000) and by Araújo et 
al. (2004) used centrifugation to collect the cells, 
to eliminate the cell debris after the boiling 
procedure, and to pellet the total precipitated 
DNA. These last six procedures have been by far 
simpler and more rapid than those described by 
Borman et al. (2006, 2008) but these protocols 
required centrifugation as an essential step and 
some of them required especial care to handle the 
samples. The current work describes a reliable, 
robust, effective and easy-to-perform method of 
DNA extraction for PCR-based amplification of a 
specific DNA fragment of the 18S region of 
Dekkera bruxellensis and Saccharomyces 
cerevisiae. 
 
 
MATERIALS AND METHODS 
 
Microorganism 
The Saccharomyces cerevisiae Embrapa 1vvt/97 
and the Dekkera bruxelensis NRRL Y-12961 
strains were used. The yeasts were maintained in 
G7 (da Silva and de Almeida 2006) and must agar 
(da Silva 1996). 
 
DNA Preparation Boiling process 
An aliquot of 1000 µL of cell suspension 
containing 107 cells/mL of S. cerevisiae and D. 
bruxelensis was transferred to microtubes and 
incubated at 90°C in a boiling water-bath for 5 
min. The suspension containing DNA was 
vigorously homogenized by vortex for 10 s and the 
tube was frozen on ice. The DNA sample was 
stored at -18 °C. 
 
Freeze-thawing process 
An aliquot of 1000 µL of cell suspension 
containing 107 cells/mL of S. cerevisiae and D. 
bruxelensis was transferred to microtubes and 
incubated at -18°C until ice formation. The 
samples were allowed to thaw at room temperature 
and homogenized by vortex for 10 s. 
 
DNA extraction process with standard cell lysis 
buffer 
Aliquots of 1000 µL of cell suspension containing 
107 cells/mL of S. cerevisiae and D. bruxelensis 
were centrifuged at 10,000 x g for 15 minutes 
(Sorval, USA) and the yeast cell pellets were  
transferred to microtubes containing 500 µL 50 
mM (Invitrogen Life Technologies, USA), EDTA 
10 mM (Sigma-Aldrich CO., USA), SDS 2.0 % 
(w/v) (Labsynth, BR); pH 8,0). The mixture was 
incubated at 60°C for 1 h in a water-bath. An equal 
volume (500 µL) of buffer-saturated phenol 
(Sigma Chemical CO., USA): chloroform 
(Reagen, BR) (1:1) was added to the DNA 
solution. The mixture was vigorously mixed by 
vortex, and centrifuged for phase separation in a 
Sorval centrifuge (Sorval, USA) at 10,000 x g for 
15 minutes. The upper aqueous layer (containing 
the DNA) was carefully transferred to a clean tube, 
avoiding the phenol interface and equal volume of 
chloroform was added. The mixture was 
vigorously mixed by vortex and centrifuged at 
10,000 x g for 15 min. The chloroform extraction 
was repeated. The upper aqueous layer was  
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transferred to a clean centrifuge tube and equal 
volume of cold isopropanol (Chimie Test, BR) 
was added to the DNA sample. The mixture was 
vigorously mixed by vortex, then the tube was 
allowed to stand in an ice-water bath for 30 
minutes and centrifuged at 10,000 x g for 20 min. 
To recover the precipitated DNA, the samples 
were centrifuged and the supernatant was 
discarded. The pellets were washed with ice-cold 
70% ethanol, and centrifuged at 10,000 x g for 15 
min. The resulting DNA pellet was air dried and 
dissolved in 100 µL of TE (Tris-HCl 10 mM pH 
7.6, EDTA 1 mM pH 8.0). The DNA sample was 
stored at -18 °C. 
 
PCR procedure 
Primers YeastF and YeastR (submitted to 
Regional Patent Office) targeting the conserved 
region of 18S rDNA were used to amplify a 375-
bp segment. PCR amplification was performed at 
final volume of 25 µL. One microlitre of each 
DNA sample from boiling, freeze-thawing and 
chemical extraction protocols was added to the 
PCR master mixture, which consisted of buffer 
Taq DNA polymerase enzyme 1x (Invitrogen 
Corporation, USA), 1.5U Platinum® Taq DNA 
polymerase (Invitrogen Corporation, USA), 100 
µmol each dNTP (Invitrogen Corporation, USA), 
0.8 pmol/µL (0.8µM) of each primer (Integrated 
DNA Technologies Inc., USA), 2.5mM MgCl2. 
Amplification consisted of an initial denaturation 
step at 94°C for 5 min, followed by 25, 30, or 35 
cycles comprising a denaturation step at 94°C for 
30 s, an annealing step at 68°C for 45 s, and an 
extension step at 72°C for 30 s, followed by a final 
extension at 72°C for 5 min. A PTC-100 Peltier 
thermal cycler (Bio-Rad Life Sciences, USA) was 
used. 
 
Precipitation with isopropanol 
A cell suspension in water containing 107 cells/mL 
of Sacch. cerevisiae and D. bruxellensis was 
prepared and an aliquot of 1000 µL was 
transferred to microtubes. After the boiling and 
freeze-thawing processes, the cell debris were 
separated by centrifugation at 10,000 x g for 15 
min and re-suspended in 100 µL TE buffer. The 
supernatant was precipitated with cold isopropanol 
and again centrifuged at 10,000 x g for 15 min. 
The resulting DNA sediment obtained was air-
dried and re-suspended in 100 µL TE buffer. The 
DNA present in the supernatant and the cell debris 
were submitted to 25 and 30-cycle PCR for 
amplification separately. 
 
Retention of DNA in the cell 
After 25 and 30-cycle PCR of the cell debris, the 
products of amplification were centrifuged at 
10,000 x g for 15 min. The supernatant and debris 
were again submitted to electrophoresis separately. 
 
Reduction of primers concentration 
The concentration of each primer was reduced 
from 0.8 pmol/µL (0.8 µM) to 0.4 pmol/µL (0.4 
µM) (Integrated DNA Technologies Inc., USA). 
The concentration of all the other reagents was the 
same as described before. An aliquot of 1.0 µL of 
debris was used as template DNA and submitted to 
25 and 30-cycle PCR. 
 
Electrophoresis 
Aliquots of 5.0 µL of PCR-amplified products and 
the 100-bp DNA Ladder (100 to 1500-bp) 
(Invitrogen Life Technologies, USA) were loaded 
onto 1.5% agarose electrophoresis gels (Sigma 
Chemical, USA). The run was performed with 1 x 
Tris-acetate- EDTA (TAE) buffer, containing 40 
mM Tris-HCl (Invitrogen Life Technologies, 
USA), pH 8.3, 20 mM acetic acid (Merck, 
Germany) and 1 mM EDTA (Sigma-Aldrich CO., 
USA), at 90 V/cm for 45 min. The gels were 
stained with GelRed (TM Biotium, Inc. California, 
USA). The stained gels were photographed using 
UV transilluminator Eagle Eye II Video Imaging 
System (Stratagene, California, USA). 
 
 
RESULTS AND DISCUSSION 
 
The protocols for PCR require extraction and 
purification of DNA from the yeast cells. The 
extraction procedures of yeast cells are either time-
consuming or generate poor yields compared to 
the methods of DNA extraction from the animal 
cells or viruses (Galán et al. 2006). The extraction 
using standard cell lysis buffer appeared to be 
more efficient than both boiling and freeze-
thawing processes, since the band corresponding 
to the 375-bp fragment of the 18S region of S. 
cerevisiae and D. bruxellensis could be clearly 
visualized after 25 PCR cycles (Fig. 1A), meaning 
that this extraction process was genus-
independent. The bands corresponding to the 
boiling and freeze-thawing processes, although 
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very weak, could also be visualized. The low yield 
of PCR products in the boiling and freeze-thawing 
extraction procedures indicated low concentration 
of DNA in comparison to the standard cell lysis 
procedure. In fact, when the number of PCR 
cycles was increased from 25 to 30, the bands 
from all the three extraction processes were clearly 
detected (Fig. 1B). Since the PCR products could 
be better revealed with the freeze-thawing 
procedure than with the boiling process (Fig. 1B), 
it was reasonable to conclude that the former 
technique allowed a better exposition of the 18S 
region to the Taq polymerase than the later 
procedure. As the number of PCR cycles was  
increased to 35, the 375-bp PCR fragment was 
clearly observed in all the three extraction
procedures with approximately the same resolution 
(Fig. 1C), meaning that the enzymatic reaction was 
in more limiting substrate conditions when the 
physical procedures were used than when the 
standard cell lysis buffer was employed. This was 
probably due to the step of DNA precipitation with 
cold isopropanol described in the chemical 
protocol. It should be stressed that the entire 
extraction by standard cell lysis buffer, boiling and 
freeze-thawing processes took approximately 4-5 
h, 30 min, and 1h, respectively. The cellular debris 
remaining in the samples did not interfere with 
PCR amplification, which meant that the 
centrifugation step commonly used to remove this 
sediment was not required. Similar results were 
obtained by Harju et al. (2004). 
 
 
 
 
Figure 1 - Amplification of a 375-bp specific DNA fragment of the 18S region of Dekkera and 
Saccharomyces: M- 100-bp DNA Ladder; 1- Sacch. cerevisiae - standard cell lysis 
buffer; 2- D. bruxellensis - standard cell lysis buffer; 3- Sacch. cerevisiae - boiling 
process; 4- D. bruxellensis - boiling process; 5 – Sacch. cerevisiae - freeze-thawing 
process; 6- D. bruxellensis - freeze-thawing process; A- 25 cycles; B- 30 cycles; C- 35 
cycles. 
 
 
From Figure 1-B, the boiling assay appeared to 
disrupt the cell wall less efficiently than the 
freeze-thawing procedure. It was possible that 
during the former procedure the target DNA 
remained into the cell and the later provided a 
higher target DNA leakage from the cell interior. 
To check this hypothesis, after the boiling and 
freeze-thawing processes, the cell debris were 
precipitated with cold isopropanol. After 25-cycle 
PCR, the bands could be better visualized in both 
boiling and freeze-thawing processes after 25-
cycle PCR (Fig. 2A), showing better resolution for 
both yeast species in the freeze-thawing process 
than with the mixture cell debris/supernatant (Fig. 
1A). The DNA precipitation with cold isopropanol 
could help to explain the advantage of the 
traditional procedure over the physical processes. 
The concentration of DNA was at threshold 
conditions in the supernatants of both yeast species 
since the 375-bp fragments were more efficiently 
observed when the PCR cycles increased to the 
number of 30 (Fig. 2B). In these two physical 
processes, a significant amount of the target DNA 
was still retained in the cell debris as shown in the 
Figures 2C and 2D. This showed that the reactions 
could be initiated directly from cell debris and that 
the amplification system had access to the 
fragment of the 18S region contained in this cell 
debris. Hirano et al. (1997) showed the results of 
PCR amplification of ρ+ and ρ0 DNA and of DNA 
from the supernatant and the pelleted cell debris 
after 10 min of boiling of the buffy coat, using the 
primers corresponding to the three COX genes. 
They noted that the yield of supernatant amplified 
PCR products by using the DNA obtained after 10 
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min of boiling was surprisingly low. In contrast, 
the yield of pelleted cell-debris amplified PCR 
products was high and the yield of supernatant 
amplified PCR products was greater only when the 
cells were boiled for at least 20 min. 
 
 
 
Figure 2 - Amplification of a 375-bp specific DNA fragment of the 18S region of Dekkera and 
Saccharomyces only present in the cell-free supernatants after extraction process: M- 
100-bp DNA Ladder; 1 - Sacch. cerevisiae - standard cell lysis buffer; 2- D. 
bruxellensis - standard cell lysis buffer; 3- Sacch. cerevisiae - boiling process; 4- D. 
bruxellensis - boiling process; 5 - Sacch. cerevisiae - freeze-thawing process; 6- D. 
bruxellensis - freeze-thawing process: A- 25-cycle PCR-cell-free supernatants; B- 30-
cycle PCR - cell-free supernatants; C-25-cycle cell debris; D- 30-cycle cell debris. 
 
 
Based on the assumption that the amplification 
efficiency was constant from the very first cycle to 
all over the number of thermal cycles, the DNA 
amplification number depended upon the initial 
number of target molecules and the number of 
thermocycles. Considering an efficiency of 100%, 
a number of DNA target molecules of 1, a 25-
cycle PCR would give a DNA amplification 
number of 6.71 x 107. An increase of five more 
cycles would generate a total of DNA 
amplification number of 2.15 x 109.  
The cell debris was submitted to PCR for 
amplification. The 375-bp fragment was detected 
with a 25-cycle PCR (Fig. 2C) with similar 
intensity as that previously showed from the 
supernatants (Fig. 2A). If the thermal cycles were 
exactly the same, the similar intensity of the bands 
could be due to a similar amount of target DNA in 
cell debris and in the supernatant. This confirmed 
the hypothesis of trapping of the target DNA by 
the cell debris. The amplification of the 375-bp 
fragment containing the cell-debris with 30-cycle 
did not improve the resolution of the bands (Fig. 
2D). The results also showed substantial advantage 
of freeze-thawing treatment over boiling-based 
system irrespective of whether D. bruxellensis or 
S.cerevisiae was used. As a rule, the bands 
obtained from DNA of all the three extraction 
processes were detected after 30-cycle PCR (Fig. 
2B).  
The retention of amplified DNA in the yeast 
celldebris submitted to physical processes was also 
examined. Both cell debris and supernatant were 
separately used. The cell debris corresponded to 
6x104 cells and the components of the supernatant 
were resultant of the same amount of cells. Once 
again, the 25-cycle PCR amplification (Fig. 3A) 
proved to be enough to amplify the target DNA 
containing cell-debris free supernatants of S. 
cerevisiae and D. bruxellensis submitted to boiling 
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and freeze-thawing processes. This showed that 
the great majority of the target DNA was in the 
supernatant or the amplified DNA moved to the 
supernatant after amplification. Little 
improvement was obtained with 30-cycle PCR 
(Fig. 3B). Weaker amplification was obtained with 
the cell debris (Fig. 3C) when compared with 25-
cycle PCR of supernatant (Fig. 3A). The 375-bp 
bands from cell debris of both the yeasts could be 
clearly detected with 30-cycle PCR amplification 
(Fig. 3D) irrespective of the two extraction 
methods used. It seemed that cell debris subjected 
either to boiling or freeze-thawing processes had a 
fewer amount of target DNA for amplification 
than the supernatant. As the cell debris was the 
unique source of DNA, this provided the evidence 
that an important amount of DNA went out the 
cells either during the PCR cycles or during the 
centrifugation process. It seemed reasonable to 
suppose that, before centrifugation, the cellular 
debris retained significant amount of amplified 
DNA and did not interfere with subsequent PCR 
amplification. In conclusion, the physical 
procedures of yeast DNA extraction were reliable 
and reproducible preparative methods to amplify 
the DNA without centrifugation and purification 
steps. The use of cell debris as shown in Figures 
2C and 2D should be more useful for PCR 
amplification than the supernatant resultant of 
boiling or freeze-thawing. It would be much easier 
to get rid of inhibitors tied up to the cell debris 
than of inhibitors present in the liquid phase. 
 
 
 
Figure 3 - Amplification of a 375-bp specific DNA fragment of the 18S region of Dekkera and 
Saccharomyces: M- 100-bp DNA Ladder; 3- Sacch. cerevisiae - boiling process; 4- D. 
bruxellensis - boiling process; 5 - Sacch. cerevisiae - freeze-thawing process; 6- D. 
bruxellensis - freeze-thawing process; A- 25-cycle PCR of cell-debris free 
supernatants from a cell suspension of 107 cells/mL after PCR amplification; B- 30-
cycle PCR of cell-debris free supernatants from a cell suspension of 107 cells/mL after 
PCR amplification; C- 25-cycle PCR of cell-debris from a cell suspension of 107 
cells/mL after PCR amplification; D- 30-cycle PCR of cell-debris from a cell 
suspension of 107 cells/mL after PCR amplification. 
 
 
According to Pruvost and Geigl (2004), small 
number of initial target-DNA molecules gave less 
reliable PCR products. Moreover, small amount of 
target DNA increased the risk of contamination 
from anything that could come into contact with 
the DNA solution. It should be stressed that an 
environment, such as wine, in which the cells of 
Saccharomyces or Dekkera and several other 
yeasts were present, was not sterile and could not 
be sterilized. To ensure the cleaner PCR product 
and lower background, a lower concentration of 
primer (0.4 µM) than the one used so far (0.8 µM) 
was tested. Despite the typical PCR primer 
concentrations range from 0.1 to 1 µM, in general, 
the optimal primer concentrations were from 0.1 to 
0.5 µM (Innis and Gelfand 1990) and this range of 
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primer concentration has been used with a relative 
frequency (Maneu et al. 2000; Andrighetto et al. 
2000, 2004; Freschi et al. 2005; Galán et al. 2006; 
Liguori et al. 2007). The usual dNTP 
concentration between 20µM and 200 µM of each 
of the four dNTPs gave optimal balance among the 
yield, specificity and fidelity (Innis and Gelfand 
1990). The recommended amount of Taq 
polymerase is approximately 1 unit for a 25µL 
reaction. As described in Material and Methods, 
the unique PCR reaction component was above the 
optimum concentration range stated by Innis and 
Gelfand (1990). Its concentration was decreased 
from 0.8 µ to 0.4 µM (Fig. 4A and Fig 4B). The 
results could be compared with primers 
concentration of 0.8 µM depicted in Figures 2C 
and 2D. The fundamental difference between both 
the primer concentrations was in 25-cycle PCR 
with boiling procedure. With 0.4 µM, the bands 
corresponding to DNA from the boiling process 
for both the yeasts were weaker than that with 0.8 
µM. These two bands were better resolved with 
30-cycle PCR. Once again, the freeze-thawing 
extraction was demonstrated to be a better protocol 
for PCR amplification than the boiling procedure. 
The freezing-thawing could alter the expression of 
genes and trigger responses to cell damage 
process.  
Sharma et al. (2006) have provided evidence of 
structural community changes and expression 
dynamics of denitrifiers as a result of freeze-
thawing stress. The expression levels of 
periplasmic nitrate reductase gene (napA) and 
cytochrome cd1 nitrite reductase (nirS) were 
higher just after thawing began, followed by a 
decrease. If there were several degrees of damage 
provoked by freeze-thawing procedure, changes in 
this process could better expose the components of 
PCR reaction to the target DNA and improve the 
detection. 
 
 
 
Figure 4 - Amplification of a 375-bp specific DNA fragment of the 18S region of Dekkera and 
Saccharomyces with 0.4 mM of each primer: M- 100-bp DNA Ladder; 3- Sacch. 
cerevisiae - boiling process; 4- D. bruxellensis - boiling process; 5 - Sacch. cerevisiae - 
freeze-thawing process; 6- D. bruxellensis– freeze-thawing process; A- 25-cycle PCR 
of cell-debris from a cell suspension of 107 cells/mL; B- 30-cycle PCR of cell-debris 
from a cell suspension of 107 cells/mL. 
 
 
 
Park et al. (1997) observed that the cell damage 
was related to both freezing duration and growth 
phase. High resistance was found during the lag 
phase and low resistance was observed during the 
log phase. Decrease in cell viability was observed 
at temperatures between 0 and -5°C and the cell 
mortality in this temperature range depended on 
the cooling rate (Dumont et al. 2006). The DNA 
extraction and the PCR amplification could be 
improved by choosing both, the best yeast cell 
growth phase and a proper freezing rate to increase 
the physical cell damage. Although cooling to very 
low temperatures is applied to preserve the living 
cells and their biological activity, loss of cell 
viability is suggested to be caused by the 
membrane damage (Moussa et al. 2008). At 
supercooled state, according to Moussa et al. 
(2008), the membrane permeability is increased, 
there is an uncontrolled mass transfer to and from 
the cells,  the cells suffer an abrupt shrinkage, are 
exposed to cold osmotic shock and the cell 
membrane becomes disrupted. These facts play an 
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important role in yeast cell death. The results 
suggested that freeze-thawing treatment was more 
injurious to the membrane of the yeast cells than 
the boiling treatment and could explain the 
advantage of this procedure over the boiling 
process for PCR amplification. The present 
protocols could be used for routine diagnostic 
practice. 
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